Abstract The use of longitudinal designs in the field of religion and health makes it important to understand how attrition bias may affect findings in this area. This study examines attrition in a 4-wave, 8-year study of older adults. Attrition resulted in a sample biased toward more educated and more religiously involved individuals. Conditional linear growth curve models found that trajectories of change for some variables differed among attrition categories. Ineligibles had worsening depression, declining control, and declining attendance. Mortality was associated with worsening religious coping styles. Refusers experienced worsening depression. Nevertheless, there was no evidence of bias in the key religion and health results.
Introduction
The relationship between religion and health has been an area of significant research in recent decades, and as the literature in this field matures, there has been a growing emphasis on improving the quality of design of this research . Although the majority of research remains cross sectional in nature, a number of scholars have called for an increased focus on longitudinal design in order to answer questions regarding the directionality of relationships (George et al. 2002; Krause 2008) , and to counter criticism of religion and health research more generally (e.g., Sloan and Bagiella 2002) . However, increased design complexity also brings increased challenges. Researchers must consider not only whether their baseline samples reflect the populations they are studying, but also whether differential attrition changes the nature of this sample over time in ways that have an impact on the relationships between key variables. A number of findings suggest that the relationship between religion and health is especially important in older adulthood (Krause 2006; Powell et al. 2003) . In this population, factors like mortality and disability have pervasive effects that must also be considered when it comes to understanding attrition bias. In this study, we examine sources of attrition in a longitudinal survey of religion and health in late life and assess whether attrition is related to religion in such a way as to bias the results of research on this topic.
Attrition Bias in Older Adult Samples
Samples of all types of populations are susceptible to attrition, but the issue may be particularly important in samples of older adults. Older individuals are more likely to die or suffer a disabling health condition preventing participation in research. There may also be factors that make them more likely to withdraw from the study voluntarily, or to be unable to be contacted at follow-up. Each form of attrition has its own implications for research validity.
Mortality
The most straightforward reason for attrition is death. Naturally, this is an especially significant source of attrition in older adult samples and becomes increasingly problematic the more time elapses from the beginning of the study. Because people with different characteristics have different mortality risks, mortality alone may produce an increasingly biased sample over the course of a longitudinal research study, simply because those remaining are disproportionately likely to have particular traits. For example, men, members of ethnic minority groups, and people with lower socioeconomic status are at higher risk of mortality over any given time period, and thus, such a sample will tend to become more heavily skewed over the course of subsequent longitudinal survey waves toward women, white individuals, and those with high socioeconomic status. Consequently, to the extent that the relationships of interest in the study are moderated by these background factors, assessments of these relationships may change over the course of a longitudinal study even if there are no changes on the individual level. With respect to health-related studies, mortality is often an important outcome in its own right (Idler and Benyamini 1997) , making bias arguably less problematic in these instances. Conversely, this form of bias may raise difficulties in research involving factors of adult development and aging (Erikson 1968; Tornstam 1997) , for example, changes in attitudes and cognition over the course of late life (Hayward and Krause 2013a) , since groups disproportionately prone to mortality may also tend to undergo different trajectories of development. Mortality will result in both underrepresentation of these individuals at later ages and a tendency to truncate these trajectories at earlier ages.
Disability
Cases of attrition due to physical or mental impairment are also relatively prevalent in older adult samples (Feng et al. 2006 ), but are less clear than attrition due to mortality. The ability to accommodate otherwise ineligible participants varies greatly between studies. For example, many population surveys restrict their samples to non-institutionalized individuals; this strategy may disproportionately affect older adults due to higher risks of being hospitalized or moving to residential care facility. Other studies may take measures to include some of these individuals, but may also encounter more problems related to the onset of cognitive difficulties, potentially compromising data quality. In addition to the problems associated with variations in patterns of risk of poor health biasing the remaining sample toward lower-risk demographic groups (as discussed with respect to risk of mortality above), attrition due to disability may also bias the sample by differentially leaving only the healthiest participants in the study.
Refusal
Previous research has found that poor health is related to the propensity to drop out voluntarily by refusing to participate in later waves of a longitudinal study (Chatfield et al. 2005) . Thus, refusal may be a problematic source of attrition in older adult samples, which are likely to have a relatively high rate of health problems. Furthermore, it may serve to bias the data by selectively eliminating the least healthy individuals. Unlike mortality and disability, refusal does not in itself provide a definite indication of health status and thus demands especially strong scrutiny as a potential source of bias.
Loss to Contact
In some cases, it is impossible to locate a study participant who needs to be re-contacted for a follow-up survey. Generally, the reason for this loss to contact will remain unknown. The participant may have moved without leaving any forwarding contact information, may have died or become ineligible, or may avoid responding to communication regarding the study because of respondent fatigue or some other desire not to take further part in the research. Previous research indicates that older adults in poor health are more likely to be lost to contact than those in better health (Chatfield et al. 2005 ). This may result in a further tendency for the sample in a longitudinal study to become healthier than the population as whole over time, as those in the worst health are differentially selected out. Because it is extremely difficult to determine the specific cause of attrition due to loss of contact in any particular case, this may be a particularly difficult form of bias to deal with.
Religion, Health, and Attrition
Religious involvement has been found to be related to a number of factors with direct relevance for health and well-being, including self-rated health (Krause and Ellison 2009) and depression (Hayward et al. 2012; Idler and Kasl 1992) . Especially among older adults, a key element in this relationship is the sense of personal control, which may be affected by religious factors (McCullough and Willoughby 2009) , and which may in turn have an important impact on health and the ability to remain functional in the face of challenges (Lachman et al. 2011 ). There has been little research into the causes and consequences of attrition in longitudinal studies of religion and health. Nevertheless, religion may intersect with attrition in ways that have important consequences for interpretation of the results of research in this field. First, religion has been linked with lower risk of mortality in a number of studies (Hummer et al. 2004; Strawbridge et al. 2001) . Thus, individuals with less religious involvement may be disproportionately selected out of the sample due to earlier deaths, leaving a skewed sample in later waves. More broadly, religion has been linked with better health generally (Hackney and Sanders 2003) , and with less physical disability in older adults specifically (Hayward and Krause 2013b) . Related to this finding, more religious individuals also tend to receive more social support as a result of their church-based social networks, which may enable older adults to continue living independently later in life and in worse health in comparison with their less religious counterparts. Somewhat paradoxically, this may serve to underestimate health differences between those high and low in religiousness in later study waves, as relatively more lowreligion individuals are selected out due to disability, in comparison with high-religion individuals who can remain non-disabled and in the study even with worse health overall. Finally, there a plausible risk that individuals who are less interested in religion will be less likely to have motivation to remain in a longitudinal study that they know is primarily focused on religious factors. Consequently, the sample of such a study may come to be composed of disproportionately religious individuals over time. Since a number of researchers have indicated that the relationship between religion and health is stronger among more religiously involved groups of people (e.g., Ellison 1995; Idler et al. 2003; Krause 2002b ), this may mean that estimates of this relationship become stronger and increasingly biased in later study waves.
Hypotheses
The purpose of this study is to examine whether religion is related to attrition in a longitudinal study in a way that leads to bias in the results.
1. If attrition creates bias, means for stable personal traits will change between waves. 2. If attrition creates bias, there will be differences between groups defined by final attrition status in terms of key study variables. 3. If attrition creates bias, then the relationships between key study variables will vary across waves and between categories of attrition. 4. If attrition creates bias, then trajectories of within-person change in key variables will differ depending on final attrition status.
Methods
Data for this study came from the first four waves of a national study of religion, spirituality, and health in older adults. The first wave was conducted in 2001 and was designed to be representative of the US population aged 66 and older (N = 1,500). The initial sample was drawn from the beneficiary list maintained by the Centers for Medicare and Medicaid Services (see Krause 2002a for details regarding sampling procedures). The sample was filtered in two ways. First, it was limited to individuals identifying their race as either White or Black; Black individuals oversampled to allow for power to make comparisons between these groups. Second, it was limited to individuals whose religious backgrounds met one of the following criteria: (1) currently identifying as Christian, (2) formerly identifying as Christian, but currently not religious, or (3) never identified with a religious group. This limitation was imposed because a number of religious measures were developed and validated for use only in Christian samples. Subsequent waves were conducted in 2004 (N = 1,024), 2006 (N = 969), and 2008 (N = 718). Interviews were conducted face to face in participants' homes. As in many other studies, these figures reveal that a significant amount of sample attrition has occurred over time. In fact, roughly 52 percent of the individuals who participated in the initial wave 1 interview were lost to follow-up by wave 4.
Forms of Attrition
Attrition from the study was recorded in four categories based on case disposition in each survey wave: mortality, ineligibility, refusal, and loss to contact. Mortality was recorded based on report from an informant in the participant's household. Study ineligibility occurred when the participant no longer met the study requirements of being non-institutionalized and being physically and mentally capable of participating in the face-to-face survey procedures. Thus, ineligibility in this sample was almost always due to poor health.
Refusal was recorded when a participant declined to be interviewed in a follow-up survey wave. Loss to contact includes all other cases in which the participant could not be located, so that mortality or eligibility status could not be confirmed. Attempts were made to recontact all non-deceased participants in each wave, regardless of previous ineligibility or refusal; thus, it was possible for participants to be absent in wave 2 or 3 but to return in a subsequent wave, or to have differing non-response dispositions in different waves. In these instances, the first disposition following the last complete interview was used as the basis for coding attrition (e.g., if a participant refused in wave 3, but completed wave 4, this was coded as ''no attrition,'' but if a participant refused in wave 3 but was found to have died by wave 4, this was coded as ''refused''). A summary of sources of attrition by wave can be found in Table 1 .
Measurement

Religious Behavior
Frequency of attendance at religious worship services was assessed with a single item on a 9-point scale from ''never'' to ''several times a week.'' Frequency of private prayer and Bible reading were each assessed with a single item on an 8-point scale from ''never'' to ''several times a day.''
Religious Coping
Religious coping was measured using items from the RCOPE scale (Pargament et al. 2000) . Coping responses can be classified as either positive (sample item: ''I look to God for strength in a crisis'') or negative (sample item: ''I think about how stressful situations are God's way of punishing me for the things I have done wrong''). Each scale included 5 items, and each item was scored on a 4-point scale, from ''not at all'' to ''a great deal,'' with respect to the frequency with which each response was used. Scale scores were computed by adding item responses for the corresponding scale questions. Reliability was a = 0.88 for positive religious coping and a = 0.72 for negative religious coping.
Commitment
Religious commitment is measured with a 3-item scale (sample item: ''my faith shapes how I think and act each and every day''). Responses to each item were on a 4-point agreement scale. Higher scores indicate greater religious commitment. Reliability was a = 0.94.
Health
Self-rated health was measured with a 3-item scale. The first item measured perceived overall health, on a 4-point scale (poor, fair, good, or excellent). The second and third items asked respondents to rate their health in comparison with ''most people your age'' and to themselves a year ago; each had 3-point response scales (worse, about the same, or better). Higher scores on this scale indicate better self-rated health. Reliability was a = 0.70.
Depression
Symptoms of depression were measured using an 8-item version of the Center for Epidemiological Studies Depression Scale (CES-D), which is used to screen for depression (Radloff 1977) . Each response is scored on a 3-point scale. Higher CES-D scores indicate greater presence of symptoms of depression. Reliability was a = 0.89.
Sense of Control
Four items from the internal-external locus of control scale (Rotter 1966 ) were used to measure participants' sense of personal control (sample item: ''I have a lot of influence over most things that happen in my life''). Each response was on a 4-point agreement scale. Higher scores indicate greater control. Reliability was a = 0.87.
Demographics
Age, gender, race, and education (in years) were collected as demographic controls.
Imputation of Missing Data
Because listwise deletion of cases with missing data would have resulted in excluding as much as 35.4 % of the sample for some analyses, we used multiple imputations to deal with item non-response (i.e., items missing in a wave in which the individual participated; values were not imputed in cases for which an entire wave was missing). Imputation was conducted using the Markov Chain Monte Carlo procedure, which imputes values by simulating a series of random selections from distributions of the target variable based on the observed joint distributions of all other variables in the dataset (Horton and Lipsitz Graham et al. 2007) , whereas the fraction of data missing in the present analyses was 0.047.
Results
Descriptive statistics by wave are presented in Table 2 . There were a total of 4,192 observations of 1,500 individuals over the course of four waves. Of these, 354 completed a single wave, 218 completed two waves, 310 completed three waves, and 618 completed all four waves. Note that this is not the same as the 718 participants who are counted as having no attrition from the study, because a number of people were excluded during one or both of waves 2 and 3 due to temporary ineligibility, refusal, or non-contact, but subsequently returned to the study. The first step in examining whether or not selective attrition results in increasing bias in the sample over time is to examine whether means for the remaining sample change between waves. Table 2 presents descriptive statistics for the sample by wave; different superscripts indicate significant mean differences. As would be expected, age increased significantly between each study wave, F(3,4188) = 138.70, p \ 0.001. There is also evidence that lesseducated individuals were lost from the sample at a somewhat higher rate than more educated ones, as there is a slight difference in the means for education in wave 1 and wave 4, F(3,4188) = 3.64, p = 0.012. Regarding religious variables, there is evidence of a decrease in mean attendance between wave 1 and subsequent waves, F(3,4188) = 4.32, p = 0.005. Similarly, negative coping decreased after wave 1, F(3,4188) = 202.66, p \ 0.001. For the remaining religious variables-prayer, Bible reading, positive coping, and commitmentthere were either no changes, or changes that were minor and inconsistent in direction. In terms of health and well-being outcomes, the sample mean for subjective health appeared to decline slightly over time, F(3,4188) = 6.56, p \ 0.001, whereas there were significant but inconsistent changes in depression, F(3,4188) = 14.99, p \ 0.001, and the mean sense of personal control remained stable.
The second step in assessing attrition bias is examining whether there were baseline differences among groups of participants who would eventually leave the study for various reasons. Table 3 presents descriptive statistics at wave 1 by final attrition category. There were a number of demographic differences between attrition groups. For example, participants who went on to experience mortality were older on average, more likely to be black, more likely to be male, and had lower average levels of education in comparison with those who remained in the study. Participants who later became ineligible were also older and had lower educational attainment in comparison with those who remained in the study, but did not differ in terms of race or gender composition. More pertinent to the question of attrition bias, there were no demographic differences between those who remained in the study and those who refused, but those who were later lost to contact tended to be older, less educated, and more likely to be white and female in comparison with those who remained in the study until wave 4. Individuals who remained in the study had somewhat higher mean levels of attendance at religious services compared with other groups (except those who later refused) and read the Bible somewhat more often than those who left due to mortality, but there were no other significant baseline religious differences between attrition groups. Individuals who later experienced mortality generally had worse mean subjective health, more symptoms of depression, and a weaker sense of personal control in comparison with other attrition categories except for those who became ineligible (who tended to fall in between).
After examining these mean differences, the third step in examining attrition bias is to determine whether there are differences in the key relationships between religion and health outcomes among groups and over time. This set of analyses is especially important, because researchers in the field of religion and health are naturally more interested in relationships between these key variables than in variable means. These questions are addressed in Tables 4 and 5 . A comparison of confidence intervals indicates that there is evidence that certain relationships intensified between the wave 1 and wave 4 samples. Specifically, attendance was more strongly related to the sense of personal control in wave 4 in comparison with wave 1, and frequency of private Bible reading was more strongly associated with lower depression. Additionally, the relationships between prayer and sense of control, between Bible reading and sense of control, and between positive coping and depression became statistically significant in wave 4 after having been nonsignificant in wave 1 (although analysis of confidence intervals does not indicate that wave 1 and wave 4 coefficients differ significantly). Thus, different conclusions would be drawn from the wave 1 and wave 4 samples with respect to a number of key hypotheses regarding religion and well-being.
Because ''natural'' causes of attrition (i.e., death or disability) are in themselves useful indicators of health and well-being, the difference described above are primarily important if they reflect bias due to selection out of the sample by relatively uninterested participants (i.e., if people for whom religion is less useful have less interest in remaining in the study). Table 5 indicates that the significant relationship between religious attendance and health seen in the sample as a whole is absent among those who later refused or were lost to contact. Additionally, members of those groups exhibited a significant positive association between negative religious coping and the sense of personal control that was not present in the rest of the sample. Other associations-those between attendance and depression; negative religious coping and depression; and religious commitment and personal control-did not differ depending on type of eventual attrition. Finally, it is especially important to examine whether differences in longitudinal patterns of change may contribute to bias in our analyses of these relationships over time. It is possible that individuals with different eventual sources of attrition tended to follow different trajectories of change on key religion and health variables. These results are presented in Table 6 . Conditional growth curve models were applied using hierarchical linear modeling (West et al. 2007) . In this method, measurements at each wave are treated as nested within individual participants by defining random intercept and time effects by individual. The model estimates the mean slope of within-person change over the course of the study using weighted composites of between-person and within-person time effects for each participant (crucially, including those who participated in some but not all waves). Factors influencing these trajectories of change can be assessed by the addition of interaction terms; a significant interaction indicates that the mean slope in the outcome is conditional on a third variable. In this study, we index time by age, rather than by study wave, an approach that is generally most appropriate when the initial ages of the participants are highly variable (Mehta and West 2000) .
Age coefficients indicate that among participants who did not experience attrition at any time during the study (who constitute the comparison group), there were significant mean Table 4 Regression coefficients relating religion and health outcomes by wave All models control for age, gender, race, and education *p \ 0.05; **p \ 0.01; ***p \ 0.001 Table 6 Linear growth curve models for health outcomes and religious variables by final attrition status within-person decreases in subjective health, symptoms of depression, sense of personal control, religious attendance, Bible reading, and use of negative religious coping. Frequency of prayer, use of positive religious coping, and religious commitment tended to remain stable over time. In several cases, there were differences in these average individual trajectories as a function of final attrition status. Most differences were found among those who died or became ineligible. Those who later died showed a pattern of decreasing positive religious coping and slower declines in negative religious coping. Those who became ineligible showed more rapid declines in the sense of personal control and in their frequency of religious attendance and showed evidence of mean increase in depression symptoms. Similarly, individuals who left the study due to refusal tended to have increasing rather than decreasing symptoms of depression. No other conditional trajectories were detected.
Discussion
Overall, the evidence from this study was consistent with the possibility of attrition bias relevant to the study of religion and health in a longitudinal study in a sample consisting of older adults. However, the implications of this possible bias for key outcomes were relatively minor. In keeping with recent studies in a number of other domains, it appeared that attrition did not result in significant bias in the key analyses (Mihelic and Crimmins 1997; Norris 1987; Schmidt et al. 2011; Thygesen et al. 2008) .Consistent with the first hypothesis, there were changes in some elements of the sample demographics and religious characteristics between baseline and later waves. However, the growth curve modeling results suggest that the most important of these differences can most likely be attributed to within-person change in terms of these variables. The average member of the sample tended to experience decreasing attendance and decreasing use of negative religious coping over time, which may explain corresponding changes in the sample means for these variables. On the contrary, the significant increase in the mean education level of the sample (when education was treated as constant within individuals) appears to indicate that less-educated older adults may have been more susceptible to attrition from the study. Since education has been found in some studies to influence the relationship between religion and health, this finding may indicate one instance in which caution is needed. Consistent with our second hypothesis, there were a number of differences at baseline between groups defined by eventual cause of attrition. Unsurprisingly, those who would later go on to die during the course of the study tended to belong to higher-risk demographic categories (i.e., older, Black, men, and with lower educational attainment) and also suffered from worse health, more depression, and lower sense of control. They were also relatively less involved in religion, particularly in comparison with those who never left the study, attending worship services and reading the Bible less often. It seems plausible that these differences were related to difficulties traveling and reading due to health, given that this group showed similar levels of religiosity on other measures. Of greatest concern, with respect to the potential for bias, was the observation that participants who remained in the study were more involved than other groups in religious attendance. Since attendance is one of the religious factors most persistently linked with health and well-being outcomes (Strawbridge et al. 2001) , this creates the possibility the sample becomes skewed toward more religious individuals and thus overestimates the importance of religion for health in later waves.
An evaluation of our third hypothesis lends at least some credence to this possibility. Whereas there was a positive relationship between religious attendance and health among those individuals who never left the study, or who did so involuntarily (due to death or disability), there was no significant relationship at all among those who left the study due to refusal or loss to contact. One possible explanation for this finding may be that those for whom religion was less relevant to their experience of health were less likely to be interested in responding to requests to be interviewed on the topic. Nevertheless, these is no evidence that this differential attrition led to a skewing of results for the entire sample over time (although the coefficient for the attendance-health relationship was somewhat larger by wave 4 than it had been in wave 1, this change was not statistically significant). Additionally, those who left the study voluntarily exhibited an unanticipated positive relationship between negative religious coping and a sense of personal control, which was not present in the rest of the sample. Again, this did not appear to materially affect analyses of the overall effect of religion on control, but may be an indication that individuals for whom religion is a more negative or ambiguous experience tend to select themselves out of research regarding religion and health.
Finally, consistent with our fourth hypothesis, growth curve models indicated that individuals in certain final attrition categories underwent somewhat different trajectories of change in key variables. Some of these trajectories are perhaps unsurprising-people who became ineligible (generally due to disability) first tended to become more depressed, lost feelings of control, and began attending religious services less frequently. Those who later died tended to have increasing negative coping and decreasing positive coping. More problematically, participants who later refused to participate tended to exhibit worsening depression symptoms. Thus, the sample may have become biased toward less-depressed individuals over time. Combined with the previously observed tendency for more frequent religious attenders to remain in the sample, this may create some potential for overestimating the salutary relationship between religion and depression.
Taken together, these observations suggest that the risks posed by biased attrition of various kinds are not negligible in the study of religion and health. Attrition is related to a number of key variables, including religious attendance, subjective health, depression, and sense of personal control, and also to the relationships among some of these key variables. Nevertheless, it is clear that attrition bias by no means explains away the existence of these relationships in this study. The key religion-health relationships remain substantially the same even regardless of which groups of participants defined by final attrition status are included or excluded from the analyses. Thus, these results raise certain points of caution for those involved in longitudinal analysis in this field, but also offer a good deal of justification for trusting existing results in spite of these risks associated with attrition bias, as well as providing comfort for those who do longitudinal research.
Limitations of this study include limited specificity for some of the causes of attrition. Although it is reasonable to assume that the vast majority of cases of ineligibility, given its definition and the nature of the sample, are due to some form of disability or other health ailment necessitating hospitalization or moving to a care institution; however, other factors may play a role in attrition due to ineligibility in some cases, and thus, it would be useful to have more complete data. Refusals may occur for many different reasons, and it would be useful to be able to sort health-related refusals (e.g., those who feel too ill to be interviewed) from refusals due to lack of interest in the subject. Loss to contact also covers a broad range of possibilities and in any given case could be due to death, disability, lack of interest in the study, or simply moving house. Additionally, it would be informative to have information regarding the demographic and religious characteristics of sampled individuals who refused to participate in the baseline survey.
As the field of religion and health research continues to mature, it is important that more researchers undertake longitudinal studies capable of addressing outstanding issues regarding the directionality of these relationships. As the results presented in this paper may help to demonstrate, it is important to carefully consider sources of attrition and their potential to bias the sample when designing and analyzing studies of this type. We hope that these insights will serve to assist researchers engaged in this process and will help to stimulate further exploration into the role of attrition in shaping results in this field.
